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ABSTRACT: Our purpose in conducting
this study was to estimate the reliability of
reciprocal concentric knee extension and
flexion peak torque obtained in uninjured
male athletes using the Biodex isokinetic
dynamometer. Twenty-six male inter-
collegiate athletes (age=19.5±4.1 yr; ht=
70.3±14.9 in; wt=212.9 ±48.5 lb) partici-
pated in this study. We used the Biodex to
measurepeak torque occurring during right
knee extension andflexion over3 consecu-
tive days. Means and standard deviations
were calculated for both extension and
flexion on each ofthe 3 days. We observed
a significant main effectfor days for both
extension and flexion. Mean peak torque
for the first day was significantly higher
(Tukey,p<.05) than the meansfor the other
2 days, which were not significantly differ-
ent from each other (Tukey, p>0.05).
Intraclass correlation coefficients (ICCs)
were estimatedfor each of the six trials on
each of the 3 days. Intraclass correlation
coefficients (ICCs) rangedfrom .88on trial
1, day 1for both extension andflexionpeak
torque to .97for extensionpeak torque and
.98forflexionpeak torque on day 3, trial 6.
The standard error of measurement for
extensionpeak torque was 7.0ft-lbs andfor
flexion peak torque was 3.0 ft-lbs. These
results indicate thatreliable measurements
ofreciprocal right knee extension andflex-
ion peak torque can be obtained from
uninjured male athletes with the Biodex
isokinetic dynamometer.
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I sokinetic testing is used extensively to
measure muscle performance in both

research and clinical settings. These mea-
surements are typically made to assess the
effect of an experimental treatment or a
clinical intervention. For these measure-
ments to be useful, we must have informa-
tion on the reliability of the measurements
when using a specified test protocol in a
given subject or patient group (14,16).
Therefore, the reliability ofthese measure-
ments, made using a specific test protocol
in thepopulation ofinterest, is quite impor-
tant if we plan to use these results in our
evaluation of an athlete's functional status
(14). In addition, if we plan to make
comparisons over time, the measurements
taken at any one time should have a high
degree of reliability to allow us to deter-
mine that atrue change in torque outputhas
occurred following some clinical interven-
tion or experimental treatment.

Several recent studies have assessed
the test reliability of various protocols
using a Biodex isokinetic dynamometer
(4,10,13,17). Two ofthereliabilityindi-
ces (10, 17), however, were calculated
using the Pearson product-moment corre-
lation which is an inappropriate method
of assessing test-retest reliability of mo-
tor skill or muscle performance measure-
ments (5,11,15). The Pearson product-
moment correlation is a measure of asso-
ciation between two different variables
and not a measure of agreement between
repeated measurements of the same vari-
able (1 1,15).

More recently, two investigators
(4,13) have reported test-retest reliability
estimates for peak torque measurements
obtained with the Biodex using the more
appropriate intraclass correlation coeffi-
cient (ICC). Estimates ranged from 0.83
to 0.97 for extension peak torque and
from 0.58 to 0.98 for flexion peak torque,

over a variety of angular velocities. A
mixed sample ofmales and females partici-
pated in both studies and neither study
indicated whether their sample included
intercollegiate athletes (4,13). These re-
sults suggest that, in mixed samples of
males and females, reliable measurements
of peak torque can be obtained with a spe-
cifiic Biodex testing protocol over arange of
angular velocities. Unfortunately, no study
to date using the Biodex has indicated
whether any of the subjects involved were
intercollegiate athletes.

Furthermore, only two studies (4,13)
estimated the test-retest reliability of peak
torque measurements using the preferred
reliability estimation method. We there-
fore estimated the reliability of reciprocal
concentric knee extension and flexion peak
torque measurements obtained at 60°/sec-
ond using the Biodex isokinetic dynamom-
eter in a sample of uninjured male
intercollegiate athletes.

Method
Twenty-six male intercollegiate ath-

letes (22 football players and 4 swimmers;
age=19.5±4.1 yr; ht=70.3±14.9 in;
wt=212.9±48.5 lb) volunteered to partici-
pate in this study. Informed consent was
obtained.

All subjects were actively involved in
their respective team's off-season condi-
tioning program, which included lower
quarter weight training. In addition, all
subjects had previously undergone a pre-
season isokinetic screening test and, there-
fore, had previous experience performing
the same movement on the testing device.
We screened each subject beforeparticipa-
tion to ensure that the following criteria
were met (6):
1. No history of lower extremity fracture.
2. No history of a neurological condition

affecting lower extremity function.
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3. No lower extremity muscular strain or
ligamentous sprain during the 6 months
before testing that limited activity for
more than 48 hours.

We scheduled each subject individu-
ally for testing at the Athletic Training
Room in the Intercollegiate Athletic De-
partment of Ohio University in Athens,
Ohio. We used the Biodex B-2000 Clini-
cal Data Station to measurethepeaktorque
occurring during right knee extension and
flexion. Before each testing session, we
verified calibration ofthe device according
to manufacturer guidelines (1). Gravity
correction ofthe torque measurements was
accomplishedthroughtheBiodex software
package. Knee range of motion (ROM)
limits were individually set for each sub-
ject with a mean ROM for all subjects of
89.8±2.80.

During each testing session, we asked
each subject to complete a warm-up ses-
sion of three submaximal contractions fol-
lowed by three maximal concentric con-
tractions. This warm-up was then fol-
lowed by 6 maximal test concentric con-
tractions of the knee extensors and flexors
for a total of 12 reciprocal contractions at
an angular velocity of 600/second. A 30-
second rest period was allowed between
the warm-up and test sessions.

Stabilization of each subject was
achieved by placing velcro straps across
the chest, around the waist, just above the
right knee, and just above the right ankle,
which secured the right lower leg to the
input shaft of the dynamometer. In addi-
tion, we visually aligned the estimated
transverse rotational axis of the knee with
the mechanical axis of the dynamometer.
We repeated the entire test procedure for
each subject over 3 consecutive days at
approximately the same time ofday to limit
the extent of possible diurnal variation.

We used a two-way, nested random
effects model ANOVA (5) to estimate the
variance components due to subjects, days,
and trials, using the BMDP8V statistical
package (3), which then allowed us to
calculate the intraclass correlation coeffi-
cients. These intraclass coefficients repre-
sent ratios of true variance (between sub-
jects) to the sum of the true variance and
error variance (variance due to trials and
variance due to days). The intraclass coef-
ficient then, is an estimate of the relative
reliability for the mean score over any
combination of days and trials (15).

We also calculated the standard error

of measurement (SEM) to provide an esti-
mate ofthe absolute reliability of our mea-
surements (15). The SEM is a clinically
useful reliability index because it is ex-
pressed in the original units ofmeasure. In
addition, the SEM can be used to construct
aconfidencerange aboutan obtained score,
which we can use to evaluate whether or
not a true change in peak torque has oc-
curred after some clinical intervention.

In this design, only theposthoc analy-
sis of the day's main effect is of statistical
interest. This is because we expected that a
significant subject main effect would be
present andno test ofthe trial's main effect
could be done. Therefore, post hoc analy-
sis of a significant main effect of days, if
found, was accomplished using Tukey's
HSD for pairwise comparisons (2). An a
priori alpha level of 0.05 was used for all
tests of significance.

Results
Means and standard deviations for

reciprocal knee extension andflexion peak
torque measurements obtained at 60°/sec-
ond over each day are shown in Table 1.
There was a significant main effect for
days for both extension (F(52,390)=8.35,
p<.0005) and flexion (F(52,390)=3.7 1,
p<.0005). Mean peak torque onDay 1 was
significantly greaterthanmeanpeaktorque

on both Day 2 and Day 3 (Tukey, p<.05),
while mean peak torque onDay 2 andDay
3 werenotsignificantlydifferentfrom each
other (Tukey, p>.05, Table 1).

The percent variance due to days
ranged from 4.3% to 7.3% while the per-
cent variance due to trials ranged from
5.8% to 9.5%. As expected, the largest
variance component was that due to sub-
jects, which was 87% of the total variation
for extension and86% ofthe total variation
for flexion. Using these variance compo-
nent estimates, we calculated ICCs of0.97
for extension peak torque and 0.98 for
flexion peak torque, respectively.

Table 2 presents expected ICC values
for a given number of days and trials when
using the same testing protocol with a
similar sample. The SEM for extension
peak torque was 7.0 ft-lbs and for flexion
peak torque was 3.0 ft-lbs. The 95% con-
fidence range (calculated as 1.96 x SEM)
was 13.7 ft-lbs and 5.9 ft-lbs for extension
peak torque and flexion peak torque, re-
spectively.

Discussion
Using the Biodex, reliable measure-

ments of reciprocal concentric knee ex-
tension and flexion peak torque can be
obtained from uninjured male athletes.
Our ICC test-retest reliability estimates

Table 1 .-Group Means and Standard Deviatons for Peak Torque Measurements,
in Foot- pounds, over 3 Days at 600/second (n=26)

Extension Flexion
Day Mean SD Mean SD

1 162.1 42.6 106.5 24.4
2 152.7 35.9 102.1 22.6
3 154.2 40.3 102.2 22.7

Table 2.-Expected Intradass Correlations(lCCs) for Six Trials over 3 Days
for Knee Extension and Flexion at 600/second

Day Conditon Trials
1 2 3 4 5 6

1 Extension .88 .91 .92 .93 .93 .93
Flexion .88 .90 .90 .90 .91 .91

2 Extension .94 .95 .96 .96 .96 .97
Flexion .94 .94 .95 .95 .95 .95

3 Extension .96 .97 .97 .97 .97 .97
Flexion .96 .96 .96 .97 .97 .98
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are similar to those reported by previous
investigators (4,13) for peak torque mea-
surements over a range of angular veloci-
ties. Our estimates of the extension and
flexion peak torque SEMs are the first to be
presented using data obtained from the
Biodex; therefore, we are unable to make
any conclusions aboutthe absolute reliabil-
ity of our peak torque measurements in
comparisontopastinvestigators(4,13). Our
SEM estimates suggest that, to be confident
95 times in 100 isokinetic tests that any
observed change in peak torque is real and
not due to measurement error or chance
events, extension peak torque must change
by more than 13.7 ft-lbs and flexion peak
torque by more than 5.9 ft-lbs between
testing sessions.

Ourvariance component estimates are
consistent with past investigators whoused
the Biodex. The greatest variance compo-
nent is due to subjects and reflects true
differences in muscle performance among
subjects. In our study, the variance due to
subjects was less than that reported for
extension peaktorque, while ourresults for
flexion peak torque are similar to those
reported previously (13). However, Mont-
gomery et al (13) measured peak torque at
angularvelocities of90°/s andhigherwhile
we measured peak torque at 60°/s; thus
directcomparisons arenotpossible. Feiring
et al (4) did measure peak torque at 60°/s
but did not report variance component es-
timates.

Anunexpectedresult ofour study was
the significant main effect of days for both
extension and flexion. This result was
unexpected because days and trials were
assumed to be random sources of error
variation and no significant differences
over days and trials were expected. Be-
cause our subjects were engaged in off-
season conditioning that involved lower
quarter weight training, it is possible that
most, if not all, of our subjects engaged in
lower quarter weight training during the
testing period. Therefore, the significant
reduction in peak torque from Day 1 to
Days 2 and 3 could be due to muscular
fatigue. Ourreliability estimates, however,
were not adversely affected (Table 2).

There are several design and method-
ological issues that affect the clinical sig-
nificance of our results. We made three
critical assumptions concerning our de-
sign. We assumed: 1) the variance due to
days andthevariance due to trials wouldbe
random sources of measurement error
(5,15); 2) that subjects warmed-up or prac-

ticed enough before testing so there would
be no trial effect; and 3) there would be no
significant "good day-bad day" effect. In
view of these assumptions, we observed a
significant effect due to days which we
believe is associated with our subjects'
involvement in off-season weighttraining.
Ourfmding ofa"good day-bad day" effect
is an important methodological consider-
ation for clinicians since we did not control
for our subjects' involvement in lower-
quarter weight training. Controlling for
weight training may have eliminated the
significant reduction in peak torque from
Day 1 to Day 2. However, we felt that the
protocol that we used more accurately re-
flected the reality of our clinical setting
where an athlete may have exercised on
one day and was tested on the next.

Several authors (8,15) have suggested
that the assumption that any variance due
to trials in this design is due to random
measurement should be reexamined. Al-
though past investigators (8) reported a
significant trial effect, more recent studies
(7,12) employing this design to assess
isokinetic test-retest reliability did not re-
port a significant trial effect. In addition,
previous investigators (8) suggested that,
to obtain stablepeaktorque measurements,
subjects should warm-up with three
submaximal and three maximal contrac-
tions. Therefore, since we used the warm-
upprocedure suggested by other investiga-
tors and no trial effect has been demon-
strated by past investigators using the
Biodex, we believed the randomness of
trials assumption was tenable. This as-
sumption may have been inappropriate
given our finding of a larger trials variance
component than in previous studies.

Several other limitations of our study
relate to its clinical relevance. First, we
only tested the right knee extensors and
flexors of our subjects. Second, since
ICC estimates are velocity-dependent (13),
we cannot conclude that estimates at an-
gular velocities other than 600/s will re-
spond as ours did at 600/s. Finally, per-
haps the most important limitation of this
study is the small number of subjects
sampled, even though our sample (n=26)
was the largest sample using inter-
collegiate athletes employed to date in
estimating test-retest reliability of the
Biodex. The ICC is a conservative esti-
mator unless the number of subjects is
200 or more (15). Therefore, our ICC
reliability estimates are probably smaller
than the true population parameters.

Within the limitations discussed
above, we conclude that reliable measure-
ments ofreciprocal concentric knee exten-
sion andflexion peaktorque at 60°/s canbe
obtained in uninjured male intercollegiate
athletes using the Biodex isokinetic dyna-
mometer. Furthermore, to obtain reliable
measurements of reciprocal peak torque
with this protocol, testing should be done
over 2 days with between three to six test
repetitions on each day. In addition, re-
searchers or clinicians desiring to attain a
specified degree ofreliability, given a simi-
lar sample and identical procedures, could
determine an appropriate measurement
schedule from Table 2. To be confident
that some clinical intervention has resulted
in a true change in peak torque, you should
see an increase ofmore than 13.7 ft-lbs in
extensionpeak torque and ofmore than 5.9
ft-lbs in flexion peak torque. These guide-
lines are only appropriate, however, when
using identical testprocedures with similar
subjects.

Because ofthelimitations ofour study,
further research is needed to determine the
influence of a larger sample on the reliabil-
ity estimates observed using this protocol.
The day's main effect must also be evalu-
ated to determine the extent off-season
weighttraining affectsreliabilityestimates.
This could be done by repeating our study
with a control group not involved in off-
seasonweighttraining. The assumption of
the randomness of trials also should be
tested in future studies using the protocol
presented here, since our results suggest
this assumption may not be approprate.
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